Introduction
A stable current produced in the seawater surrounding ship by the corrosion and anti-corrosion measures generates Static electric Field (SE). There are obvious distribution characteristics with SE [1] .In general, the electric field characteristics of a ship can be described by electric dipoles in an air-seawater-seabed three-layer medium. [2] Currently, the studies on ship electric field mainly focus on the model construction and depth inversion [3] . There are few reports on the application of ship electric field in the tracking and positioning of ships. Our present study aims to track target ship through ship SE.
The Kalman filter (KF) was first proposed by R. E. Kalman and it is a linear minimum variance estimate. The extended Kalman filter (EKF) is designed to suit for non-linear systems. Compared to other filtering methods, EKF calculates a small amount with a high accuracy. So, the method of this paper is based on EKF.
Ship SE Tracking Model

State Space Model
The general form of the state space model is
 is the state vector in the dimension of n at the moment k; a is the state transfer function; h is the observation function; k w is the state noise vector, k v is the observation noise vector,
is the covariance matrix for process noise, and k R is the covariance matrix for observing noise. are independent of each other. The ship SE model can be described by level electric dipoles in an air-seawater-seabed three-layer medium. In the sensor coordinate system, for one electric dipole 
Where 0 0 0 ( , , )
x y z is the location of electric dipole, ( , , z)
x y is a point in the sea,  is the seawater conductivity, 1  is the seabed conductivity,
D is the depth of seawater. The three-component electrostatic field is the negative derivative of the potential in three directions, respectively: ( , , )
The target signal measured at the No. j triaxial electric field sensor can be modeled as follows:
are the measured signals and noises, respectively.
Further observations of multiple sensors are available
The state of the ship target contains the target position, speed, and point currents line array
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The ship target is characterized by low dynamic characteristics and its motion state can be simply modeled as DWNA (Discrete White Noise Acceleration) model. The motion equation is
Where 2 The DWNA model assumes that the acceleration is Gaussian white noise, i.e.
Electric dipole is a constant, with a relatively small noise. The whole state equation is , and is a small constant.
Extended Kalman Filter
The first-order Taylor expansion of the observation equation is carried out to obtain a filtering algorithm that can handle the nonlinear observation system, and this is EKF [6] | 1
is the linearization of the expansion point and ˆk H is the Jacobian matrix of ( )
Simulation Results and Analysis
The boat sailed on the water, so we ignore the motion in z-axis. Define the root mean square error varying with the number of iterations of the filter as follows
Where MC is the number of simulations Consider the simulation scenario in Table 1 The results are shown in Figure 2 Figure 3 . The iteration errors with the number of iterations Figure 1 shows the tracking course. The red line is the tracking course using EKF. The black line is the actual route. And we can see, although the initial error is huge, the target could be tracked quickly and effectively. Figure 2 shows the iteration errors with the number of iterations. The black line represents the r ( 2 2 ( ) x y  ) error, the red line represents the x error, and the blue line represents the y error. We can see that after a period of iterations, the error decreasing rapidly. Near the sensor the errors are approximately equal to 0.
Conclusion
In this study, we try to track and locate ship targets by ship SE signal. The simulation results demonstrate that the EKF algorithm can effectively track and locate the ship with high accuracy, which is of great significance in the application of ship SE signal.
